INTRODUCTION
It is difficult to predict the phenotypes of wheezing that develop later in childhood among infants with recurrent wheezing. Among infants and young children with recurrent wheezing, 30-50% will go on to develop persistent asthma later in childhood (1, 2) . Since remodeling of the airways may occur during early stages of asthma (3) , it is important to identify and properly manage patients with asthma early in life. Because sensitization to aeroallergen is rare, food sensitization before two years of age, which was defined as a minor criteria for asthma predictive index (4) , was an important predictor of the development of asthma for children followed until school age (5) .
It has been reported that the frequency of gastroesophageal reflux (GER) in asthmatic children ranges between 59 and 75% (6) (7) (8) . It has been suggested that infants that have GER should be evaluated for allergy to cow's milk (9) . One study reported that GER was linked to food induced wheezing and food sensitization (10) . However, other investigators have reported a higher frequency of GER in subjects with nonatopic asthma compared to those with atopic asthma (11, 12) . Thus, when an infant with recurrent wheezing has GER symptoms, it is necessary to evaluate that infant for food allergy as a possible cause of the wheezing. However, gastroesophageal reflux has been reported to be associated with asthma in the absence of reflux symptoms (13) . There is limited information on the frequency of GER without gastrointestinal reflux symptoms, so-called silent GER, in infants with recurrent wheezing. The relationship between silent GER and atopic or non-atopic asthma has not been determined. Furthermore, if there is an association between silent GER and food allergy sensitization in infants with recurrent wheezing, this may have important implications for the development of asthma later in life.
Therefore, the aim of this study was to determine the frequency of silent GER and the relationship between silent GER and food sensitization in infants and young children with recurrent wheezing.
Relationship between Silent Gastroesophageal Reflux and Food Sensitization in Infants and Young Children with Recurrent Wheezing
It is known that early childhood wheezing associated with sensitization to allergens, including food, has an increased risk of developing asthma later during school age. Gastroesophageal reflux (GER) is well known to be associated with asthma. The purpose of this study was to determine whether there is an association between silent GER and food sensitization in infants and young children with recurrent wheezing. Eighty-five infants or young children with recurrent wheezing, and no gastrointestinal symptoms, underwent 24 hr esophageal pH monitoring, as well as total serum IgE and specific IgE testing for eggs and milk. Among the 85 subjects, 48.2% had significant GER. There was no significant difference in the GER between atopic and non-atopic recurrent wheezers (41.7% and 50.8%, respectively). The sensitization rate to food (eggs or milk) was 12.2% and 20.5% in the GER and non-GER groups, respectively and showed no statistically significant difference between the two groups (P=0.34). In conclusion, about half of infants and young children with recurrent wheezing and no gastrointestinal symptoms have silent GER. The silent GER may not contribute to food sensitization in infants and young children with recurrent wheezing.
MATERIALS AND METHODS

Subjects and study design
Eighty five infants and young children from 4 to 24 months of age with wheezing on more than three occasions or with persistent wheezing lasting more than 3 weeks and no gastrointestinal symptoms such as repeated regurgitation or vomiting, underwent 24-hr esophageal pH monitoring. There were no subjects known to have cow's milk or egg allergies. There were no subjects on an elimination diet. The study was carried out during the period between August 2003 and July 2004.
We excluded patients that had chronic lung disease, central nervous system disorders such as cerebral palsy, or congenital anomalies of heart or airways. We also excluded patients that had evidence of an infection such as an increased C-reactive protein (CRP), presented with fever, and/or infiltrations on chest radiographs. Infants that were exclusively breast fed were also not included in this study. Written informed consent was obtained from the parents of all patients.
Total serum immunoglobulin E (Phadebas IgE PRIST; Pharmacia, Uppsala, Sweden) and specific IgE to egg whites (F1), milk (F2), and house dust mites (UniCAP � , Pharmacia Diagnostics, Uppsala, Sweden) were determined in all subjects. Sensitization to a specific allergen was defined as a concentration of 0.7 kU/L or greater with the respective specific IgE. The presence of atopy was defined by elevated IgE values, higher than 30, 60, and 100 kU/L in infants less than 6 months of age, from 6 to 12 months, and from 1 to 2 yr, respectively, and/or sensitization to any food or house dust mite allergens.
24-hr esophageal pH monitoring and definition of GER
The patients underwent 24-hr lower esophageal pH monitoring for more than 18 hr. Medications that might have affected gastric acidity or esophageal motility were discontinued for at least 72 hr before the study, as well as during the study period. Asthma medications except for theophylline were continued as usual during the monitoring. Esophageal pH monitoring was conducted once an acute attack of wheezing had resolved. The Synetics ambulatory system with antimony pH electrodes (Synetics Medical AB, Stockholm, Sweden) was used. The intraesophageal pH electrode was positioned one-eighth the distance above the calculated distance of the nares to the lower esophageal sphincter, using Strobel's equation according to patient height. The position of the catheter was verified by chest radiography to be 2 cm above the diaphragm. An external reference electrode was placed on the patient's anterior chest wall (14) . Measurements of pH were recorded using a pH recorder (Digitrapper MK 3, Synetics Medical AB, Stockholm, Sweden).
The diagnosis of reflux was based on the reflux index, which was the ratio of time under pH 4 to the total measurement time (14) . Gastroesophageal reflux was defined as more than 10% of the reflux index for infants under 12 months of age and more than 6% in children more than 12 months of age (15) . Reflux was considered silent when subjects did not have gastrointestinal symptoms.
Statistical analyses
We classified the patients into silent reflux and non-reflux groups according to the results of the 24-hr lower esophageal pH monitoring. A Student's t-test was used for statistical analysis of the calculated log average and of the standard deviation of serum IgE between the two groups. The chi-square test was used for descriptive analysis of the differences in sensitization between the two groups. A P value less than 0.05 was accepted as statistically significant. Statistical analyses were performed using the Statistical Package for the Social Sciences, SPSS 11.5 (SPSS Inc., Chicago, IL, USA).
RESULTS
Among the 85 infants, 41 (48.2%) had positive pH monitoring results. Thirty-two were males (77.7%) and nine were females (22.4%). The log serum total IgE was 1.32±0.56 IU/mL in the silent GER group and 1.21±0.56 IU/mL in the non-GER group. There was no statistically significant difference between the two groups in the level of serum total IgE (P=0.25, Table 1 ). The frequency of silent GER was 41.7% and 50.8% in the atopic and non-atopic subjects, respectively. There was no significant difference in the incidence of GER between the atopic and non-atopic wheezers (P=0.45).
In the silent GER group, five children were sensitized to milk and/or egg whites (12.2%). In the non-GER group, Table 2 . Allergen sensitization in subjects with silent GER and without GER nine children (20.5%) showed sensitization to milk and/or egg whites. There was no significant difference between the two groups in the frequency of positive IgE antibodies to at least one of the two food allergens (P=0.34, Table 2 ). Because the frequency of reflux has a right skewed distribution, the data was transformed to a logarithmic scale and each transformed data was added 1 to be a larger than 0 (LN_ FR=ln[frequency of reflux+1]). There was no difference of the LN_FR between subjects who were sensitized to egg white and those who were not sensitized (P=0.269) nor subjects that were sensitized to milk and those who were not (P=0.910). A log-transformation of the percent time was performed since the distribution of the percent time of reflux was skewed (LN _P=In[percent time]). There was no difference of the LN_P between subjects who were sensitized to egg white and those who were not sensitized (P=0.536) nor subjects who were sensitized to milk and those who were not (P=0.121, Table 3 ).
After exclusion of F1 or F2 lower than 0.35 kU/L, the relation between the LN_FR or the LN_P and the value of F1 or F2 was evaluated by the general linear model. There was no relation between the LN_FR and the value of F1 (P=0.250) nor F2 (P=0.230). There was no relation between the LN_P and the value of F1 (P=0.836) nor F2 (P=0.089).
DISCUSSION
The purpose of this study was to determine whether the frequency of silent GER was higher and whether there was an association between silent GER and food allergen sensitization in infants and young children with recurrent wheezing. There is limited information available on the frequency of silent GER in atopic and non-atopic asthma, although it is widely accepted that GER is linked to asthma. Prior research has found a higher frequency of GER in subjects with nonatopic asthma compared to atopic asthma (12) . However, other reports showed that the prevalence of esophageal dysfunction was higher in atopic asthma compared to non-atopic asthma (16) . The frequency of silent GER in the present study was 48%, which was higher than the 28% in infants with daily wheezing (17) and the 21% in Korean children less than 3 yr of age with recurrent wheezing (18) previously reported.
The frequency of GER varies according to the subject's condition. Since active coughing or wheezing itself can cause GER, esophageal pH monitoring was performed after the wheezing improved in this study. The results of this study showed that the frequency of GER in atopic and non-atopic wheezers was 41.7% and 50.8%, respectively. There was no significant difference between the atopic and non-atopic wheezers. These findings are in contrast to the results of a previous study (12) that showed a higher frequency of a family history of asthma in infants without GER than in those with GER, suggesting more frequent GER in non-atopic wheezers.
Although asthma can develop at any age, most children have their first episode of wheezing before 3 yr of age (19) . Childhood wheezing is classified into three different phenotypes: transient wheezer, atopic wheezer and non-atopic wheezer (20) . Thus, a better sub-classification might lead to a better understanding and treatment of young children with recurrent wheezing. Airway remodeling has been demonstrated not only in children with difficult asthma but also in those with early onset of asthma (3) . It has been reported that about one half to one third of infants and children with early-childhood wheezing develop persistent asthma later in childhood (1, 2) . Thus, it is important to make an early diagnosis and provide the proper treatment to infants and young children with wheezing for the prevention of airway remodeling.
Food sensitization before age two has been reported to be a predictive factor for the development of atopic asthma (5). However, little is known about the relationship between the development of asthma and food sensitization. The prevalent food antigens causing sensitization in infants and young children are eggs and cow's milk. One study showed loss of milk antigen sensitization and relief of asthma symptoms in a patient who had milk allergy and severe gastroesophageal reflux disease (GERD) after undergoing fundoplication (10), suggesting an association between food sensitization and GERD with asthma.
Although the relationship between food allergy and GERD has been confirmed, there are few studies on the association between silent GER and food sensitization in infants with recurrent wheezing without food allergy. If there is an association between silent GER and food sensitization in asthmatic infants and young children, the presence of silent GER Table 3 . Comparison of GER parameters between group with positive food specific IgE and those with negative might contribute to early food sensitization and, furthermore, the development of atopic asthma later in childhood. However, the results of the present study showed that the rate of food sensitization was not significantly different between the two study groups. In the silent GER group, 12.2% of patients had food sensitization, and in the non-GER group, 20.5% had food sensitization. In addition, comparison of the GER parameters, like frequency of reflux and % time of reflux in infants and young children with recurrent wheezing revealed that there were no difference between GER parameters of subjects who had positive specific IgE to food and those negative. This study has several limitations. These include the one time evaluation, absence of data on other potential food allergies such as soy, fish, and peanuts, and the small sample size.
In summary, the frequency of silent GER in infants and young children with recurrent wheezing was about 50%. There was no difference between the rate of food sensitization of the subjects with silent GER and those with non-GER. In addition, there was no difference with GER parameters between subjects who had positive specific IgE to food and those negative. Therefore, the presence of silent GER may not contribute to food sensitization in infants and young children with recurrent wheezing.
